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Abstract 
Surface miners made their debut in Indian surface mining industry in 1996 on a limestone deposit. The application of surface miner was 
extended for coal mining in the year 1999. Presently, more than 100 surface miners are working in Indian surface mines owing to its 
higher productivity and environment-friendliness. Presently, surface miner is also experimented for excavation of different deposits, 
namely, bauxite, hematite, sandstone, shale etc. 
Initially, the surface miners were being deployed largely on trial and error basis or on the basis of in-field experimental runs. 
Manufacturers evaluated the applicability of surface miners based on compressive strength of rock. Recently, a cuttability index has been 
developed to predict the applicability and performance of surface miners for different application condition. This enables the user to select 
a suitable machine as per their requirement. 
Surface miner completely eliminates drilling blasting and primary crushing unit and thus reduces their associated environmental hazards. 
Apart from this, the sized excavated material increases the transport/conveying efficiency and thus saves the energy requirement in 
transportation. 
Application of surface miner with proper planning yields better efficiency. The planning can be categorized into two parts, namely, short 
term and long term planning. Short term planning is within the control of field engineer and is carried out to achieve the steady production 
rate and quality control. Short term planning is carried out to select the operating mode, place of operation etc. Surface miner can allow a 
steep slope angle. As the blasting (short term stress) is eliminated the factor of safety for the pit slope can be kept low. This reduces the 
stripping ratio and increases the overall productivity of the mine. These are the essential consideration for long term planning with surface 
miner. This present paper would discuss the Indian experience of surface miner operation on the above issues. The benefits of the 
deployment and the challenges faced during operation have been discussed in this paper. The recent research and development carried out 
in this area is also highlighted. 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Selection and /or 
peer-review under responsibility of the scientific committee of SYMPHOS 2011. 
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Nomenclature 
CI cuttability index
L*  production or cutting performance (bcm/h) 
Mc rated capacity of the machine (bcm/h)
Is rating for point load index
Jv rating for volumetric joint count 
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Aw rating for abrasivity of rock 
Js rating for direction of cutting with respect to major joints
M rating for machine power 
1. Introduction 
Surface miner was first developed in 1970s owing the design concept of road milling machines, which cuts the old road 
surface for road construction (Dey and Ghose, 2008)[1]. Since then, surface miners have gained in popularity with improved 
design of cutting drum and higher machine power. Presently, more than 300 surface miners are working over the world with 
competitive cost and eco-friendliness (Ghose, 2008)[2]. In India,Gujrat Ambuja Cement Ltd. was the first to introduce this 
technology in one of their limestone mine in 1995 by deploying a SM-1900 machine. The reason behind this deployment 
was strategic. Due to the depletion of near surface deposits, the surface mines are becoming deeper and thus, the 
requirement of operating surface area is becoming larger. India is a densely populated country and the available land for 
mining is less as compared to country’s mineral demand. Thus, the operating surface mines are becoming closer to the 
inhabitancy and conventional drilling and blasting technique is prohibited due to threat of the inhabitant from fly rock and 
ground vibration (Dey, 1999)[3]. This makes surface miner a popular mining excavation technique and presently, around 105 
surface miners are working in Indian surface mines. This paper would discuss operation of surface miner, selection of 
surface miner, planning with the surface miner and its environment-friendliness. 
2. Surface Miner 
Based on the cutting principle, surface miner can be categorized as – (i) multi-bucket cutting drum located in front of the 
machine ( e.g. Krupp Surface Miner), (ii) bucketless cutting drum positioned either in front of the machine (e.g. Vermeer 
surface miner) or in between front and rear crawler (e.g. Wirtgen surface miner). In India, only the second type of surface 
miner (i.e. bucketless cutting drum type) is used. Bucketless cutting drum, in general, is equipped with point attack tool. 
Cutting drum rotates either in up cutting direction (Wirtgen surface miner) or in complimentary direction (Vermeer surface 
miner). Surface miner is a compact equipment, which cuts, crushes and loaded the material simultaneously and thus, 
achieves the advantages of continuous mining system. Surface Miner is a crawler mounted machine. It has a milling drum, 
positioned below the machine in between front and rear crawler and rotates in up-cutting direction. Drum is equipped with 
cutting picks in a double helix manner, so that all the cut materials are directed towards the centre of the drum where the 
primary conveyor is located. A scraper plate is located behind the drum to leave a smooth after cut surface. There are three 
major operations done by the machine: 
• Cutting material. 
• Size reduction of the cut material 
• Conveying and loading of the material 
By the rotation of cutting drum in upward cutting the cutting picks shear out the insitu material. As the cutting drum is 
positioned at the bottom, the machine weight is the added advantage in cutting operation. Size reduction of cut material is 
mainly achieved during the movement of the cut material through the double helix arrangement of picks. Further size 
reduction takes place by self-attrition during the conveying through the primary conveyor and the discharge conveyor. 
Discharge conveyor directly loads on to the dumper or tipper (Dey et.al, 2000)[4]. Some of the commercially available 
surface miners are listed in Table 1 along with their specifications. 
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Table 1 – Major specifications of some commercially available surface miner [5,6,7,8]
 Parameters Drum 
width (m) 
Machine 
power (kW) 
Operating 
weight (ton) 
Rated 
capacity 
(m3/h) 
Maximum 
Cutting 
depth (mm) 
Maximum 
cutting speed 
(m/min) 
Operating 
gradient 
(1 in %) 
W
irt
ge
n
 G
m
bH
 
SM 2100 2.0 448 41 550 250 25 6 
SM2200 2.2 671 49 668 350 84 6 
SM2500 2.5 783 100 845 600 25 7 
SM3500 3.5 895 137 1900 470 25 12 
SM4200 4.2 1194 184 2400 600 20 5 
V
er
m
ee
r 
T855 2.5 281 40.8 NA 812 28 NA 
T955 3.4 309 56.7 NA 812 20 NA 
T1055 3.4 317 61.2 NA 812 16 NA 
T1255 3.7 447 99.8 NA 610 12 NA 
L 
&
 T
 KSM223 2.2 597 NA NA 350 83 8 
KSM304 3.0 895 100 NA 400 20 5 
TA
K
RA
F 
G
m
bH
 
MTS180 3.3 500 NA 180 700 NA NA 
MTS300 4.0 750 NA 300 875 NA NA 
MTS500 4.9 1650 NA 500 1050 NA NA 
MTS800 5.6 2000 NA 800 1225 NA NA 
MTS1250 6.5 2500 NA 1250 1400 NA NA 
MTS2000 7.4 2500 NA 2000 1575 NA NA 
B
ite
lli
 
SF202 2.0 515 43 180 250 NA NA 
However, surface miner has some major limitations, which should be considered before adopting the equipment (Dey 
and Sen, 2008)[9]. These limitations are– 
• performance of surface miners depends largely on the length of cut area, 
• abrasivity has significant influence on the cost of excavation and 
• performance decreases with increase in the rock strength. 
Despite these limitations, very often, surface miner is required to be deployed apart from becoming the most feasible 
technique if – 
• blasting is prohibited and 
• requirement of selective mining of thin seams  for grade control requirement. 
3. Selection of Surface Miners 
Selection of proper surface miner is crucial for project economics. For economical rock excavation, therefore, using 
surface miners, there are two basic elements to be considered – the machine and the rockmass. A machine is the product of 
human ingenuity and can be modified to suit a specific requirement (Eskikaya S. and Tuncdemir H., 2007)[10]. However, 
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rockmass is a natural component in the earth’s crust and is thus immutable. It is imperative, therefore, to understand the 
rock to be excavated prior to selection of the machine and based on that a suitable excavating machine should be adopted. 
For the selection of suitable surface miner in India, a rockmass classification system (called rockmass cuttability 
classification) has been developed. This classification considers three rockmass parameters, one machine parameter and one 
application parameter. The suitable weightage is given for each parameters and the sum of the rating gives the cuttability 
classification(Dey and Ghose, 2008)[1]. The details of the cuttability classification are given in Table 2. 
Table 2 – Rating of the parameters of rockmass cuttability classification 
Class I II III IV V 
Point load index (Is50) 
Rating (Is) 
< 0.5 
5 
0.5 – 1.5 
10 
1.5 – 2.0 
15 
2.0 – 3.5 
20 
> 3.5 
25 
Volumetric joint count (no/m3) 
Rating (Jv) 
> 30 
5 
30– 10 
10 
10 – 3 
15 
3 – 1 
20 
1 
25 
Abrasivity  
Rating (Aw) 
< 0.5 
3 
0.5 – 1.0 
6 
1.0 – 2.0 
9 
2.0 – 3.0 
12 
> 3.0 
15 
Direction of cutting respect to major joint direction 
Rating (Js) 
720 - 900
3 
540 - 720
6 
360 - 540
9 
180 - 360
12 
00 - 180
15 
Machine power (kW) 
Rating (M) 
> 1000 
4 
800 – 1000 
8 
600 – 800 
12 
400 – 600 
16 
< 400 
20 
Thus, the rockmass cuttability classification (CI) is the sum of the rating of above five parameters  
MJAJICI swvs ++++=         (1) 
Based on this cuttability classification, the ease of excavation of rockmass using surface miner can be classified as given 
below  
Table 3 – Assessment of excavatability of surface miner based on cuttability index 
Excavatability index Possibility of ripping 
50 > CI Very easy excavation 
50 < CI < 60 Easy excavation 
60 < CI < 70 Economic excavation 
70 < CI < 80 Difficult excavation, may be not economic 
CI > 80 Surface miner should not be deployed 
Production rate of a surface miner can be estimated as follow – 
ckM
CIL ¹¸
·
©¨
§
−=
100
1  *         (2) 
where, 
L* = production or cutting performance (bcm/h), 
Mc = rated capacity of the machine (bcm/h), 
CI = cuttability index , 
k = a factor for consideration of influence of specific cutting condition and is a function of pick lacing (array), pick 
shape, atmospheric condition etc. and varies from 0.5 – 1.0. 
The rockmass cuttability classification provides a handy tool for decision making on the applicability and selection of 
surface miners. The classification also gives a first hand idea about the “GO – NO GO” criterion on applicability of surface 
miner apart from an estimated performance. 
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4. Planning Surface Miner Operation 
Application of surface miner with proper planning not only yields better efficiency but also gives better control over the 
product grade. In general the planning is carried out in two phases, namely long term and short term planning. Long term 
planning basically dictates the year-wise pit size, grade control, bench slope control etc. In case of surface miner, the higher 
bench slope can be designed using lower factor of safety due to elimination of blasting . This significantly reduces the 
stripping ratio, especially, for deep surface mines. The second important factor is the variation in rockmass characteristics 
with the strata/depth. This changes the performance of the deployed surface miner. For example, a surface miner suitable for 
coal may not be suitable for the overburden/parting rock strata say of sandstone or shale. Thus, year-wise individual face 
planning is essentially recommended. 
Short term planning is within the control of field engineer and is carried out to achieve the steady production rate and 
quality control. For mining with surface miner, short term planning is carried out to select the operating mode, place of 
operation etc. A surface miner can work in three operating method, namely, harvesting/continuous method, turn back 
method and empty travel back method. In each operating method, a surface miner can operate either in conveyor loading 
mode or in windrowing mode (Fig. 1). 
Fig. 1 – Surface miner modes of operation. 
For the short term planning with the surface miner, a software is being developed to assist the field engineers to select 
suitable operating mode (Pradhan and Dey, 2009[11] and Dey and Ghose, 2009 [12]). The developed software can be used to 
select the operating mode for the surface miner to achieve optimum production under following geo-mining conditions:- 
• compressive strength of the rock is less than 120 MPa, 
• the effect of gradient of the working bench on the production is not considered, thus it is considered to be flat or gently 
inclined, 
• special applications like, selective mining of thin seams/dirt bands, ramp construction etc., are not considered, 
• decision is made considering the productivity, not the financial appraisal. 
The snap shot of the software is given below  
Surface 
miner
Based on 
loading 
option
Direct 
loading
Front 
loading
Rear 
loading
Indirect 
loading
Windrowing Sidecasting
Based on 
movement
Empty 
travel back
Conveyor 
loading Windrowing
Turn back
Conveyor 
loading Windrowing
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Fig. 2 – Snap shot of software SM1.0 used for selection of surface miner 
5. Environmental Gain  
In terms of new technology the Surface Miner, wherever applicable, may be of great use as it is inherently less adverse to 
environment. This is concluded considering the adverse effect of the blasting, which is eliminated by the surface miner. 
However, being a rock cutting machine the surface miner has some inherent environmental hazards like generation of dust, 
noise etc. A comparative environmental study has been carried out for surface miner and conventional mining system (Dey 
et. al., 2000)[4]. The results are discussed below  
5.1. Noise 
Conventional surface mining system deploying drill, shovel, dumper introduces more noise sources to the pit. As a result 
both work-site noise level and the far-field environmental noise level may increase beyond permissible limit. Surface miner 
is a hydraulically controlled machine and work with minimum structural vibration as a result noise generated is 
comparatively less. The elimination of drills and replacement of dump trucks by conveyors also contribute to the reduction 
of noise levels. Figure 3 shows that surface miner works with less noise generation and the noise level at the cabin, 1 m 
distance, 10 m distance and 100 m distance from this machine is comparatively less than other machines. 
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Fig. 3 – Comparison of noise levels from different surface mining machineries 
5.2. Dust 
Drilling, blasting, loading, transportation operations in a surface mine generate dust and suspended particulate materials. 
Their concentrations near different coal mines are given in Table 4. The dust level as monitored in coal mining face 
operating with windrowing method is also included in the Table 4. 
Table 4 - Level of SPM ( g/m3 of ambient air) near mines (Dey et. al., 2000)
Site SPM Concentration Season 
Excavation Workshop 601 Winter Season 
Coal Washery 728 Winter Season 
Site Office 443 Winter Season 
Project Office 850 Summer Season 
Club House (colony) 943.6 March (1988) 
Mine Office 925.2 March (1988) 
Workshop 562 Day Time 
Surface Miner face 421 Winter season 
Windrowing loading site (FEL) 772 Winter season 
The table indicates conventional surface mining machinery, which are liable to cause air pollution by dust generation. 
Surface Miner has some advantages over the conventional operation in this respect. This is attributed to the following 
reasons: 
• Surface miner creates an artificial closed chamber (by two side plates, scraper bar and rear scraper plate) around the 
milling drum which is the main source of dust and a continuous water spraying facility suppresses the dust at the source. 
• The sprayed water wets the cut material and minimises the dust generation during conveying and loading. Also auxiliary 
water spraying on the conveyor is available for extreme dry conditions. 
• The sprayed water keeps the cutting tool cool (and hence sharp), which reduces dust generation in cutting operations. 
• As the surface miner provides a smooth after cut surface the dust generation in inpit transportation is also less. But haul 
road transportation is likely to be unaltered for both conventional and Surface Miner face for the same road conditions. 
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6. Conclusions 
Presently, surface miner has become one of the most popular mining equipment in Indian surface mines. The 
applicability of surface miner depends on the rockmass and machine parameters. The rockmass cuttability classification 
provides a handy tool for decision making on the application range of surface miners. This classification also predicts the 
probable production rate from which the feasibility of the surface miner deployment can be calculated. Surface miner can 
increase its productivity up to 30% with proper planning. It is strongly suggested that prior to deployment a long term 
planning should be carried out and if required different types of surface miner should be deployed for different rock types. 
The environmental gain of using surface miner is already proved and it must be realized in terms of indirect savings. 
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